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LUBRICATION OIL COMPQSmON 
BACKGROUND 07 THE INVENTION 
Field Of The Invention 

The present invention relates to a novel lubricating oil composition, and 
more specifically to a lubricating oil composition having high heat resistance, high 
oxidation stability and excellent lubricating propenies, useful as a lubricating oil for 
internal-combustion engines, automatic transnussion gearboxes, dampers, power 
steerings and the like, panicularly useful as a lubricating oil for internal combustion 
engines. 



Description Of The Related An 

Heretofore, lubricating oils have been used for internal combustion 
en^nes, and for driving units and gears such as automatic transmission gearboxes, 
dampers and power steerings in order to smoothly operate them. In particular, 
lubricating oils for internal-combustion engines (engine oils) not only lubricate various 
sliding ponions such as a piston ring, a cylinder liner, bearings for a crank shaft and a 
connecting rod, and a valve-operating mechanism including a cam and a valve lifter, 
but also cool the inside of the engines, clean and disperse those products which are 
produced by combustion, and prevent the rusting and conrosion of the engines. 

Thus, the lubricating oils for internal-combustion engines have been 
required to have a great variety of properties. Moreover, due to the recent trend 
toward high-penormance. high-output intemal-combustion engines and more severe 
operating conditions, the lubricating oils are required to have higher qualit>'. In order 
to meet this requirement, various additives such as an antiwear agent, a metallic 
detergent, a nonash dispersan: and an antioxidant are incorporated into the lubricating 
oils for intemal-combustion engines. 

It is particularly important as the essential function of the lubricating 
oils for intemal-combustion engines that the lubricating oils can ensure the smooth 
operation of the engines under every conditions to prevent the wear and seizure of the 
engines. The parts of the engines to be lubricated are, in most cases, under the fluid 
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lubrication condition. However, a valve-operating system, and the top and bottom 
dead centers of a pir.on tend to be under the boundary lubrication condition. Antiwear 
properties under the boundary lubrication condition are generally imparted by the 
addidon of zinc dithiophosphate (ZnDTP) or zinc dithiocarbamaie (ZnDTC). 

Energy loss at the friaional parts of internal-combustion engines which 
are lubricated by lubricating oils is great. For this reason, a lubricating oil to which 
various additives including a friction modi5er (FM) are added has been used in order 
to reduce the friction loss and to decrease the fuel cost (e.g., Japanese Laid-Open 
Patent Publication No. 23595/1991). Lubricating oils for automotive internal- 
combustion engines are used at various temperatures, with various numbers of 
revolutions and under various loads. Therefore, in order to further improve the rate of 
fuel consumption, it is necessary that the lubricating oils be excellent in friction 
properties under a wide range of conditions under which they are used. 

Besides the above-described properties, high heat resistance, high 
oxidation stability and moderate viscosity characteristics can be mentioned as the 
properties required for the lubricating oils for internal-combustion engines. 

ST TMMARY Or THE INVENTION 

The present invention has been accomplished under these 
circumstances. An object of the present invention is therefore to provide a lubricating 
oU composition having excellent lubricating properties, high heat resistance, high 
oxidation stability and moderate viscosity characteristics, particularly useful as a 
lubricating ofl for internal-combustion engines. 

We have made earnest studies in order to develop a lubricating oil 
composition having the above-described advantageous properties, and, as a result, 
found that the object can be attained by a composition which is obtainable by adding a 
predetermined amount of a specific anune antioxidant, and a predetermined amoum of 
oxymolybdenum sulfide dithiocarbamatcs (MoDTC), oxymolybdenum sulfide organo- 
phosphorodithioates (MoDTP) or oxymofybdenum sulfide dithioxanthogenates^ 
(MoDTX) to a lubricating base oil containing a small amoum of aromatics, having 
specific characteristics. Tne present invention has been accompHshed on the basis of 
the above finding. 
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Nameiy, the present invention relates to a lubricating oil composition 



compnsuig: 



(A) a lubricating base oil containing 3% by weight or less of aromatics, 
20% by weight or more of monocyclic naphthenes, 50 ppm by wdght or less of sul&r 
and 50 ppm by weght or less of nitrogen, having a viscosity of 2 to SO mm^/s at 
100»C; 

(B) at least one compound selected from diarylamines represented by 
the general foimula [1 ] : 




cn 



wherein K\ and R'^. which may be the same or different, each represent 

hydrogen atom or a hydrocarbon group having 3 to 1 8 carbon atoms, provided that at 
least o'ne of them is the hydrocarbon group, and by the general formula [2]: 



[2] 




wherein and R^ are hydrogen atom or a hydrocarbon group having 1 to 18 carbon 
atoms, in an amount of 0.05 to 3% by weight of the total weight of the composition; 
and 

(C) at least one compound selected from oxymolybdenum sulfide 
dithiocarbamates represemed by the general formula [3]: 



[3] 
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wherein and R^, which may be the same or different, each represent a hydrocarbon 
group having 5 to 23 carbon atoms, and m and n are a positive integer, provided that 
the total number of m and n is 4. oxyraolybdenum sulfide organophosphorbdithioaies 
represenied by the general formula [4]: 



[4] 



wherein R^ and R^^, which may be the same or different, each represent a 
hydrocarbon group having 1 to 18 carbon atoms, and x and y are a positive mteger, 
provided that the total number of x and y is 4, and oxymolybdenum sulfide 
dithioxanthogenaies represented by the general formula [5]: 



,12. 



-X — Mc 



[5] 



wherein r1 ^ and which may be the same or different, each represent a hydro- 
carbon group having 1 to 30 carbon atoms, and X and Y. which may be the same or 
different, each represent oxygen or sulfur atom, 

in such an amount that the amount of molybdenum is 50 to 2000 ppm by weight of the 
total weight of the compoation, 

BRTEF DESCRP TTn^T OF THE DRAWTNG 

Figure 1 is a diagranunadc view of an apparatus used in the LFW-1 

friction test. 

DESCRIPTIQN THE PRF FP.RRED EMBODIMEOTS 

In a preferred embodiment of the present invention, the lubricating base 
oil is a hydrogenated oil containing 3% by weight or less of aromadcs, 20% by weight 
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.5. 

or more of monoc>'ciic naphthenes, and 97% by weight or more of saturated com- 
pounds. 

In another preferred embodinient, the lubricating base oils is a hydro- 
genated oil, the diarylamines are alkyldiphenyiamines containing at least one alkyi 
group having 3 to 18 carbon atoms or phenyl-a-naphthylamines containing an alkyl 
group having 3 to 18 carbon atoms, and the third component is an oxymolybdaium. 

In yet another preferred embodiment, the oxymolybdenum sulfide 
organophosphorodithioates contain an alJcyl group having 8 to 18 carbon atoms and/or 
the oxymolybdenum sulfide dithioxanthogenates contain an alkyl group having 8 to 1 8 
carbon atoms. 

Still another preferred embodiment relates to a method for reducing fuel 
consumption by the use of the lubricating oil composition according to the invention in 
an engine. 

In the lubricating oil composition of the present invention, an oil 
containing 3% by weight or less of aromatics, 20% by weight or more of mono- 
cyclicnaphthenes, 50 ppm by weight or less of sulfiir and 50 ppm by weight or less of 
nitrogen, having a viscosity of 2 to 50 mnfi/s at 100*C is used as the lubricating base 
oil, the component (A). The preferable amount of the monocyclic naphthenes is in the 
range of 25 to 40% by weight. When the amount of the aromatics exceeds 3% by 
weight, the resulting lubricating oil composition undergoes deterioration in heat 
resistance, oxidation stability and lubricating properties. In the case where the amount 
of the monocyclic naphthenes is less than 20% by weight, the resulting composition 
cannot have sufBciently high adaptability to sealing rubber. Further, when the lubricat- 
ing base oil has a viscosity of lower than 2 mm^/s, the resulting composition is poor in 
the oil-film-forming properties, and has a shortcoming in thai it undergoes a great 
evaporation loss. A base oil having a viscosity of higher than 50 mm-/s is also 
un&vorable because the power loss of the resulting composition caused by viscosity 
resistance is too great. Furthermore, when either sulfur or nitrogen content exceeds 
50 ppm by weight, the oxidation stability and lubricating propenies of the resulting 
composition become poor. 
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Either mineral or synthetic ofl can be used as the lubricating base oil as 
long as it has the aforementioned properties. Specific examples of the base oil include 
rafl5nates which can be obtained by subjecting starting materials for lubricating oUs 
derived from naphthene base or parainn base crude oil by evaporation under normal or 
reduced pressure to solvent refining, using an aromatic extraction solvent such as 
phenol, fiirfijral or N-methyipyrTolidonc, and hydrogenated oils which can be obtained 
by subjecting starting materials for lubricating oils to hydrogenation treatment 
including hydrocracking reaction. In either production process, such processes as 
dewaxing, hydrorefining and clay treatment processes may be optionally adopted in 
accordance with the conventional manner. Particularly preferably base oils are 
hydrocradced oils and wax-isomerized oils. 

In the composition of the present invention, at least one compound 
selected from diarylamines represented by the general formula [1]; 




[1] 



or by the general formula [2]: 



NH 




[2] 



is used as the amine oxidant, the component (B). 

In the above general formula [1], K\ R2, r3 and each represent 
hydrogen atom or a hydrocarbon group having 1 to 1 8 carbon atoms. Further, 
although r1 . r2, JO and R^ may be the same or different from one another, it is 
accessary that at least one of them be an aikyl group having 3 to 18 carbon atoms. 
The alkyl group having 3 to 18 cariion atoms may be any of linear, branched and cyclic 
ones. Examples of such an alkyl group include propyl, butyl, amyl, hexyl, hepiyl, 
octyl, nonyl, decyl, undecyl, dodecyl. tridecyi. tetradecyl. pentadecyl. hexadecyl. 
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heptadec>'l and octadecyl groups of all types, and cydohexyl, cyclooctyl and 
cyclododecyl groups. 

In the above general formula [2], and are hydrogen atom or a 
hydrocarbon group having 1 to 18 carbon atoms. A preferable hydrocarbon group is 
an alkyl group having 3 to 18 carbon atoms, which maybe any of linear, branched and 
cyclic ones. Examples of such an alkyl group include the same groups as those 
enumerated in the explanation of R^, R^. R^ and R^ in the above general formula [1]. 
Specifically, the following compounds can be mentioned as the diaryiamines: 
p.p'dibutyl-diphenylamine. p.p'-dipentyldiphenyiamine, p.p'-dihexyldiphenylamine, p.p'- 
diheptyldiphenylamine, p.p'-dioctyldiphenylamine, p,p'-dinonyldiphenylaniine, 
monooctyldiphenyl-amine, monononyldiphenylamine, tetrabutyldiphenylamine. tetra- 
hexyidiphenylamine, tetraoctyidiphenyiamine, tetranonyldiphenylamine, a mixture of 
aikyidiphenylamines having 4 to 9 carbon atoms, phenyl-a-naphthyiamine. phenyl-P- 
naphthylamine, butylphenyl-a-naphthylamine, butyiphcnyl-p-naphihylamine, pentyi- 
phenyl-a-naphthylamine, pentylphenyl-p-naphthyiamine, hexylphenyl-a-naphthylamine. 
hexyiphenyl-3-naphthylaraine, heptyiphenyl-a-naphthylamine, heptylphenyl-(J- 
naphthyiamine, octyiphenyi-a-naphthylamine, octylphenyl-P-naphthyiamine, 
nonylphenyl-a-naphthyiamine and nonyiphenyl-|3-naphthylamine. Particularly 
preferable diaryiamines are p,p'-diocryldiphenyl amine, phenyl-a-naphthylamine and 
aUcyiphenyl-a-naphthylammes. 

In the composition of the present invention, one or two or more of the 
alkyldiphcnyiamines represented by the above general formula [1], or one or two of 
more of the phenyl-a-naphthylamines represented by the above general formula [2] 
may be used as the amine oxidant, the component (B). Moreover, one or more of the 
alkyldiphcnyiamines represented by the general formula [1], and one or more of the 
phenyi-a-naphthylamines represented by the general formula [2] may also be used in 
combination as the amine antioxidant 

In the present invention, it is necessary to incorporate the amine 
antioxidant, the component (B), into the composition in an amount of 0.05 to 3% by 
weight, preferably 0.2 to 2% by weight of the toul weight of the composition. When 
the amount of the amine antioxidant is less than 0.05% by weight, the resulting 
composition cannot have sufficiently high oxidation stability. On the other hand, when 
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the amount is in excess of 3% by weight, the efifecu of the antioxidant expected from 
such an amount cannot be obtained. 

In the composition of the present invention, at least one compound 
selected from oxymolybdenum sulfide dithiocarbamates (MoDTC) represented by the 
general formula [3]: 



s 1 



[3] 



oxymolybdenum sulfide organophosphorodithioates (MoDTP) represented by the 
general formula [4]: 



[4] 



and oxymolybdenum sulfide dilhioxanthogenates (MoDTX) represented by the general 
formula [5]: 



> 



0 — X— Mc 



[51 



is used as the fnction modifier, the component (C). 



In the above general formula [3], R"^ and r8 each represent a hydro- 
carbon group having 5 to 23 carbon atoms, and they may be the same or different from 
each other. Examples of the hydrocarbon group having 5 to 23 carbon atoms include a 
linear or branched alkyi or alkenyl group having 5 to 23 carbon atoms, and a 
cycloalkyl, aiyl. alkylaiyl or arylalkyl group having 6 to 23 carbon atoms. Preferable 
hydrocarbon groups are those having 8 to 23 carbon atoms. Specific examples of such 
hydrocarbon groups include 2-ethylhexyl, n-octyl, nonyl. decyi, lauryl. tridccyl. 
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palmityl, stearyl, oleyl, sicosyl, buiylphenyl and nonylphenyl groups. Further, m and n 
are a positive integer, provided that the total number of m and n is 4. 

In the above general formula [4], and R^^ each represent a hydro- 
carbon group having 1 tolS carbon atoms, and they may be the same or diflFerent from 
each other. Preferable hydrocarbon groups are those having 3 to 1 8 carbon atoms. 
Examples of the hydrocarbon groups having 3 to 1 8 carbon atoms include a Hncar or 
branched alkyl or alkenyl group having 3 to 1 8 carbon atoms, a cycloalkyl group 
having 6 to 1 8 carbon atoms, an aryl group having 6 to 1 8 carbon atoms, and an 
alkylaiy] or aiylalkyl group having 7 to 18 carbon atoms. Specific examples of such 
groups include isopropyl, n-propyl, n-butyl. isobutyl, sec-butyl, amyl, hexyl, 
cyclohcxyl, 2-ethylhexyl n-octyl, nonyl, decyl, lauryl, tridecyi, palmityl, steaiyl. oleyl, 
buiylpheyl and nonylphenyl groups. Further, x and y are a positive integer, provided 
that the total number of x and y is 4. 

In the above general formula [5], R^ ^ and R^2 each represent a hydro- 
carbon group having 1 to 30 carbon atoms, and they may be the same or different from 
each other. Preferable hydrocarbon groups are those having 3 to 20 carbon atoms. 
Examples of such hydrocarbon groups include a linear or branched alkyl or alkenyl 
group having 5 to 20 carbon atoms, a cycloalkyl group having 6 to 20 carbon atoms, 
and an aryl, alkylaryl or arylaDcyi group having 6 to 20 carbon atoms. Specific 
examples of such groups include isopropyl, n-propyl. isobutyl. n-butyl. sec-butyl, amyl, 
hexyl, cyclohexyl, 2-ethylhexyl, n-octyl, nonyl, decyl, lauryl, tridecyi, palmityl. stearyl, 
oleyl, butylpheyl and nonylphenyl groups. Further, X and Y are oxygen or sulfijr 
atom, and may be the same or different from each other. 

In the composition of the present invention, the MoDTC represented by 
the above general formula [3] may be used either singly or in combination of two or 
more. The MoDTP represented by the general formula [4] may also be used either 
singly or in combination of two or more. Further, the MoDTX represented by the 
general formula [5] may also be used either singly or in combination of two or more. 

In the composition of the present invention, it is necessary to 
incorporate the fnction modifier, the component (C), into the composition in such an 
amount that the amount of molybdenum will be 50 to 2000 ppm by weight, preferably 
100 to 1000 ppm by weight of the total weight of the composition. When the amount 
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of molybdenum is less than 50 ppm by weight, lubricating properties cannot be 
sufficiently obtained. On the other hand, when the amount of molybdenum is in excess 
of 2000 ppm by weight, lubricating properties expected from such an amount cannot 
be obtained. 

Those additives which have been usually incorporated into the conven- 
tional lubricating oils, such as a metallic detergent, a nonash detergent-dispcrsant, an 
antiwear agent, a viscosity index improver, a pour point depressant, a rust preventive, 
a corrosion inhibitor, an anti-foaming agent and other antioxidants, can be added, if 
necessary, to the lubricating oil composition of the present invention within such a fimit 
that the object of the present invention can be fully attained. 

Examples of the metallic detergent include calcium sulfonate, 
magnesium sulfonate, barium sulfonate, calcium phenate, barium phenate, calcium 
salicylate and magnesium salicylate. In genera], the metallic detergent is incorporated 
into the composition in an amount of 0.1 to 5% by weight. Examples of the nonash 
detergent-dispersant include those of succinimide type, succinamide type, benzytamine 
or its boron derivative type and ester type. In general, such a detergent is incorporated 
into the composition in an amount of 0.5 to 7% by weight. 

Examples of the antiwear agent include metallic (Zn, Pb. Sb, Mo, etc.) 
salts of thiophosphoric acid, metalfic (Zn, etc.) salts of thiocarbamic add, sulfur 
compounds, phosphoric esters and phosphorous esters. In general, this agent is 
incorporated into the composition in an amount of 0,05 to 5,0% by weight. 

Examples of the viscosity index improver include those of poly- 
methacrylate type, polyisobutylene type, ethylene-propylene copolymer type and 
styrene-buudiene hydrogenated copolymer type. In general, such an improver is 
incorporated into the composition in an amount of 0.5 to 35% by weight. 

Examples of the rust preventive include alkenyl succinates and partial 
esters thereof Examples of the corrosion inhibitor include benzotriazole and 
benzoimidazole. Examples of the anti-foaming agent include dimethyl polysiloxane 
and polyacrylate. These agents may be incorporated into the composition, when 
necessary. 
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The present invention will now be explained more specifically by 
referring to the following Examples. However, the present invention is not limited by 
these examples in any way. 

EXAMPLES 

The oxidation-induction time and coefficient of firiction of the 
lubricating oil compositions were obtained in the following respective manners. 

(1) rogfficient of Friction fa) 

LFW-1 friction test was carried out by using a LFW-1 tester shown in 
Ficurs 1 equipped with a R-type block (made of iron) manufactured by Faiex Corpora- 
tion and a S- 10 test ring (made of iron) manufactured by Falex Corporation under the 
following conditions: the number of revolutions was 270 rpm, the load was 30 kgC the 
temperature of the oil was 120*^^ and the time was 10 minutes. In Figure I, reference 
numeral 1 indicates the S- 10 test ring, reference numeral 2 indicates the R-type block 
and reference numeral 3 indicates a distortion meter. Load is applied to the R-type 
block, and the resistance caused by the rotation of the ring is measured by the 
disionion meter. The coefficient of fiiction is calculated from the resistance measured. 
It is noted that approximately half of the ring is immersed in the oil to be tested. 

(2) Qxidation-Induaion Time (Tvfinutes) 

The oxidation-induction time was determined by means of differential 
thermal analysis which was conducted under oxygen atmosphere, by applying a load of 
20 kg&cm^ and heating the sample to 200°C. 

Examples 1 to 8 ?-nd Compar ative Examples 1 to 7 

By the use of a base oil shown in Table 1. a lubricating oil composition 
having a formulation shown in Table 2 was prepared. The coefficient of firiction (^) 
and oxidation-induction time (minutes) of the composition were obtained. The results 
are shown in Table 2. 
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TABLE 1 



1 2 3 4 5 6 

BASE PEL (MM^/S) fWrVo) (WTYo) fWT.PPM) (WT. PPM) 



TON 


3.1 


1.1 


32 


I.O. 


0.3 


150N-1 


5.5 


0.5 


30 


0.5 


0.1 


350N 


9 


1.3 


32 


0.1 


0.1 


150N.2 


5.6 


4.0 


18 


13.0 


1.0 


150N-3 


5.4 


2.0 


24 


137.0 


71.0 


150N-4 


57 


41 


19 


11.0 


89.0 



1. Base oil 

2. Viscosity at 1 OO^C (mm^/s) 

3 . Aromatic content (wt%) 

4. Monocyclic naphthene content (wt%) 

5. SulfuT content (wt. ppm) 

6. Nitrogen content (wt. ppm) 



4^CTAJS95/03938 



MfiR-05-1996 14:13 



31394151101000 



wo 95/27022 



CTAJS95A)3938 



- 13 - 



Example 


1 


balance 


1 


1 


• 


1 


e 


1 


1 


1 


1 


d 


0.041 


1 

vb 
p^ 


Example 




balance 


« 


• 


1 


1 


d 


■ 


1 




NO 

d 


• 


0.045 


25.9 


Example 


• 


balance 


• 


1 


I 


1 


1 




• 


p 


» 




0.037 


36.1 


Example 




balance 




t 


1 


.1 




d 


1 


c 






0040 


26.6 


Example 




balance 




1 


• 


• 






1 


p 






0 041 


VC 

m 
pn 


Example 






balance 


1 


1 . 


1 


*rv 

d 


■ 


1 


p 






0.042 


pn 

o\ 
rs 


Example 




balance 




1 


• 


t 


d 




1 


p 






0.039 


25.6 


Example 
1 


balance 




1 


1 


• 


1 


SO 




1 


p 


1 




0.035 






70N 


I50N-1 


350N 


I50N-2 


I50N-3 


I50N-4 


amine 


o 

•E 
">» 

a 
c 

1 

s 

u 

oc 

*>> 


c 

3 

I 

pm' 

in 
*^ 

c 

■5 
£ 
V 


cJ 

U 
o 


U 

&• 

h- 
Q 
o 

2 


OO 

cJ 

o 

s 


cocfTicicnt of friction (ji) 


oxidation induction period (minutes) 


^\^^KR Oil 


>t 
e 
u 

1 

U 
"a 


Chemical 

Composilion 

{Wi%) 


Evaluation 



rifiR-05-1996 14:13 



31394151101000 



P. 29 



wo 95/r7022 



*/US95/03938 




MfiR-05-1996 14:14 



31394151101000 



34Z 



wo 95/27022 



.13- 



CT/US95A)3M8 



All of the lubricating ofls of Examples 1 to 8. which are the 
compositions of the present invention, have a low coefficient of friction and a long 
oxidadon-induction time. In contrast, the lubricating oil of Comparative Example 1 
has a low coefiBdent of friction but has a short oxidation-induction time. The 
lubricating oils of Comparative Examples 2 to 7 are remarkably inferior to those of 
Examples in both the coefBdent of friction and the oxidation-induction time. 

The hibricaiing oil compositions of the present invention have high heat 
resistance, high oxidation stability and excellcni Uibricating properties, and are 
particularly usdul for lubricating oils for internal-combustion engines and the like. 
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OJUMS: 



I. A lubricating oil composition comprinng: 

(A) a lubricating base oil containing 3% by weight or less of aromatics, 
20% by weight or more of monocyclic naphthenes, 50 ppm by weight or less of sulfijr 
and 50 ppm by weight or less of nitrogen, having a viscosity of 2 to 50 mm^/s at 
lOO-C; 

(B) at least one compound selected from diarylamincs represented by 
the general formula [1]: 



[1] 




wherein R' . R-. and R"*, which may be the same or different, each represent 
hydrogen atom or a hydrocarbon group having 1 to 18 carbon atoms, provided that at 
least one of them is the hydrocarbon group, and by the general formula [2]: 




NH 




[2] 



wherein R^ and R^ are hydrogen atom or a hydrocarbon group having 1 to 18 carbon 
atoms, in an amount of 0.05 to 3% by weight of the total weight of the composition; 
and 

(C) at least one compound selected from oxymolybdenum sulfide 
dithiocarbamates represented by the general formula [3]: 



I- 



S • ■ 



[3] 
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